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mils or Areg ~ 0.5 cm2, but not by JET or PVF Spearman's rank coefficient
was significant comparing Omax or Areg and ANGlO, but not JET and ANGlO.
Correlation between CD and Omax or Areg was poor.
Conclusion: Multiplane TEE allows categorical separation of ANGlO sever-
ity class; assessment based on the flow convergence concept appears su-
perior to JET and PVF.
range (Fig.). Jet characteristics predictive of small ROA within a given grade
was central directed jets. Optimal group separation was obtained as a ROA
of 0.30 cm2. Conclusion: 1) While useful as a rapid general classification of
MR severity, semiquantitative Doppler methods have significant limitations
for precise characterization of mitral incompetence; 2) ROA is readily ob-
tained in the operating room and aids in quantitative assessment of MR.
1987-1041Proximal Flow Convergence Calculation of
Forward Flow and Valve Area of Normal Mitral
Prostheses: An Intraoperative Validation
Dominic Y. Leung, Pieter M. Vandervoort, Neil L. Greenberg, Leonardo Rodriguez,
Min Pu, William J. Stewart, James D. Thomas. The Cleveland Clinic Foundation,
Cleveland, OH
We have previously shown in vitro that the proximal flow convergence
method (FC) can be used to calculate flow through larger orifices such as
normal prosthetic heart valves. To validate FC clinically, we performed in-
traoperative transesophageal echocardiography on 22 patients (mean age
63 ± 8 yrs, 64% female) undergoing mitral valve replacement with St Jude
valve (n = 17) or Carpentier-Edwards valve (n ~ 5). For St Jude prostheses,
peak velocities and velocity integrals through the center Nc and TVlc , re-
spectively) and side (Vs and TVI,) orifices were interrogated separately with
CW Doppler. As our in vitro model suggested about 80% of flow occurred
through the side orifices, the corrected peak Velocity (Va) is given by Va =
0.8Vs + 0.2Vc and the corrected velocity integral ITVlo) by TVlo = 0.8TVls
+ 0.2 TVlc. The flow rate (0) was calculated by 0 = 2rrr2Va where Va is the
aliasing velocity. 0 was multiplied by Vo/(Vo-Va), a previously validated fac-
tor, to account for flattening of isotachs near the prosthetic orifice. Results:
Cardiac output (CO) calculated by (Oc *TVloNo)*HR showed good correla-
tion with thermodilution CO (Range 3.3-8.1 IImin, y = 0.87x + 0.67, r = 0.9,
P < 0.001, "'CO = -0.02 ± 0.5 IImin). Effective prosthetic orifice area (EOA)
of St Jude valves, given by OcNo, correlated well with geometric orifice area
(GOA) from the manufacturers (r = 0.7, P = 0.002, y = 1.42x + 1.471 How-
ever, calculated EOA is significantly smaller than the GOA I"'MVA= -2.23
± 0.49 cm2, p < 0.01) Conclusions: The proximal flow convergence method
can give reliable in vivo estimates of 1) forward flow through normal mitral
prostheses and 2) EOA of St Jude valves. The EOA of St Jude valve in vivo
is significantly smaller than its GOA.
Flexible Annuloplasty Support Preserves
Physiological Annular Movement and
Non-planar Shape: A 3-Dimenslonal
Intraoperative Echocardiographlc Study
Leonardo Rodriguez, Kim Powell, Shalabh Chandra, William J. Stewart,
Miguel Ares, Delos M. Cosgrove III, James D. Thomas. Cleveland Clinic Foundan·on,
Cleveland, OH
Mitral annular motion and nonplanar shape has been shown to be important
to normal valve dynamics and left ventricular systolic function. We evaluated
the effect of a new flexible annuloplasty ring on the morphology and motion
of the mitral annulus in patients undergoing mitral repair.
Methods: the mitral valve was imaged over one complete cardiac cycle
at "'10° rotations using a multiplane transesophageal probe in 4 patients in-
traoperatively after mitral repair. Two had data pre and post repair for a total
of 6 reconstructions. The data were digitized off-line and annular insertion
points and ring location (post-op) were identified for each frame of data over
the cardiac cycle ('" 1000 points per reconstruction). The data were recon-
structed in 3-0, and a least-square plane was fit. The following measures
were obtained: A) annular area as projected onto the least-squares plane B)
Atrio-ventricular motion of the annulus C) non-planarity of the annulus (mean-
square-deviation from the least-squares fit plane). Results: All the patients
maintained the non-planarity with a maximal deviation from the plane of 8.6
mm. The mean atrio-ventricular motion was 2.6 mm and the % change in
area during the cardiac cycle was 14.7%. For the 2 patients with pre and
post repair data, there was a reduction in total area of 59%, an increase of
18% in non-planarity and a reduction of maximal excursion of 47%. Conclu-
sion: This preliminary study shows that annuloplasty repair with a flexible
ring preserves annular motion and nonplanarity while allowing significant re-
duction in annular area.
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Transesophageal Echocardiographic
Quantltation of Systolic Mitral Leaflet
Displacement In Patients with Mitral Valve
Prolapse
LV
--Ring
-Annul
**p < 0.01, *p < 0.02, A ::::: anterior, P ::::: posterior. MV ::::: mitral valve
4 Cham ber View 2 Chamber View
AMV PMV AMV PMV
MVP 0.82 ± 0.78 040 ± 043 101 ± 099 0.72 ± 076
NORMAL 0.03 ± 0.06'* 000 ± 0.00'* 0.18 ± 0.29' 0.03 ± 0.05'*
ANT
By TEE the area subtended by the superior displacement of the mitral
leaflets into the left atrium was significantly greater for MVP pts than for
NORMAL subjects. In NORMAL subjects superior displacement of the PMV
was never detected in the 4 chamber view, but small degrees of superior
displacement were occasionally detected in the 2 chamber view. As many
as 6 of 11 NORMAL subjects exhibited minor degrees of superior displace-
David Langholz, William J. Mackin, Diane E. Wallis, William R. Jacobs, Patrick
J. Scanlon, Eric K. Louie. Loyola Univ. Med. Glr., Maywood, IL
While transesophageal echocardiography (TEE) provides detailed structural
information about the mitral valve, the range of normal systolic displacement
of the mitral leaflets and the best criteria for diagnosing mitral valve prolapse
(MVP) by this technique remain controversial. The area subtended by the
systolic displacement of the mitral leaflets into the left atrium beyond the
annular hinge points on 4 chamber and 2 chamber images of the mitral valve
was measured by TEE in a blinded prospective study of 11 MVP pts (who
had systolic displacement of the mitral leaflets superior to the mitral annular
plane on parasternal long axis images by transthoracic echo and click andlor
late systolic murmur on physical exam) and 11 NORMAL subjects (who had
no evidence for MVP by either transthoracic echo or exam).
Area Subtended by Systolic Displacement of Mitral Leaflets (cm2)
1987-1051
Relationship of Mitral Regurgitant Orifice Area to
Semiquantitative Indices of Regurgitant
Severity: An Intraoperative Transesophageal
Investigation
Min Pu, Pieter M. Vandervoort, Brian P. Griffin, Leonardo Rodriquez, Delos
M. Cosgrove, James D. Thomas. Cleveland Clinic Foundation, Cleveland, Ohio
To better understand the relationship between quantitative measurements
of mitral regurgitant orifice area (ROAI and traditional semiquantitative as-
sessments based on color Doppler jet area, we studies 65 patients with
mitral regurgitation IMR) using intraoperative transesophageal echocardio-
graphy. Method: MR was graded semiquantitatively on a 4 point scale, inte-
grating information on jet size and morphology and pulmonary venous flow
pattern. Blinded to the results of semiquantitative grading, ROA was mea-
sured as RSV fVdt, where RSV was regurgitant stroke volume, calculated
as the difference in forward stroke volume through the mitral annulus and
that obtained from thermodilution, and v was the mitral regurgitant velocity
obtained by continuous wave Doppler. Results: There was a significant dif-
ference of mean ROA between 2+ (0.18 ± 0.08 cm2), 3+ (0.30 ± 0.11 cm2)
and 4+ MR (0.67 ± 0.36 cm2 p < 0.01), with a significant correlation be-
tween ROA and MR grading throughout the patient population (r = 0.79 p <
0.0001). However, significant overlap was noted in patients graded in 2-3+
1987-1031
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ment of the AMV If an upper limit of normal of 0.5 cm2 is set for the total
area subtended by both leaflets in both views, this criterion is 100% sensitive
and 82% specific forthe diagnosis of MVP. Conclusions: Though TEE demon-
strates greater systolic mitral leaflet displacement in MVP than in NORMAl.
there is overlap in the range of superior systolic displacement of the mi-
tral valve into the left atrium between MVP pts and NORMAL subjects. The
presence of mild superior systolic displacement of the leaflets relative to the
annular hinge points by TEE is inadequate to unambiguously identify MVP
pts.
Accuracy of Aortic Valve Area Measurement by
Multiplane Transesophageal Echocardiography
in Aortic Stenosis
Yvette F. Bernard, Nicolas F. Meneveau, Thierry J. Anguenot, Jian Zhang,
Fran<;ois Schiele, Alain Vuillemenot. Jean-Pierre Bassand. University Hospital
Saint~acques, Besam;on, France
To determine whether planimetry of the aortic valve opening using multi-
plane transesophageal echocardiography (TEE) is accurate, 46 consecutive
patients (ptsl SUffering from calcific aortic stenosis (AS) were enrolled in a
prospective study. All the pts, 26 M, 20 F. aged 67 ± 11 yrs (43 to 81) had a
transthoracic (TIE) and a multiplane TEE using a 5 MHz annular mechanical
probe (Vingmed, Norway), within 24 hours before catheterization (cath.). At
TIE, aortic valve area (AVA) was calculated by the continuity equation (CE).
At TEE, AVA was measured by planimetry of the orifice in a short axis view,
obtained with a 40 to 70' rotation of the imaging plane from the initial plane,
with thorough searching of the smallest orifice as possible in early systole.
Numerical images, recorded on optical disks, were analyzed by 2 indepen-
dent observers unaware of the results of cath. Right and left heart cath. with
measurement of simultaneous left ventricle (LV) to aorta gradients (gr) was
performed in all pts and AVA was calculated using the Gorlin formula. Valve
area measured at TEE and with the CE correlated well with AVA measured
at cath.: r = 0.92 for TEE, p < 0.001 and r = 0.83 for CE, p < 0.01.
19881 Anticoagulation, Antithrombolytic Therapy and
Acute Myocardial Infarction
Wednesday, March 22, 1995, 9:00 a,m,-11 :00 a,m.
Ernest N. Morial Convention Center, Hall E
Presentation Hour: 10:00 a.m.-11 :00 a.m.
Toward Establishing Anticoagulation GUidelines
for Intravenous Heparin Administration Among
Patients with Myocardiallnfaretion Given Tissue
Plasminogen Activator
Richard Becker, Christopher Cannon, Dorinda George, Joseph Loscalzo, TIMI5
Investigators. Thrombosis Research Center, University of Massachusetts Medical
School, Worcester, MA
Heparin is recommended in patients with acute myocardial infarction (MI)
treated with tPA to prevent early coronary arterial reocclusion. Although prior
clinical studies suggest that an aPTI of at least 1.5 times control is required,
experimental evidence has supported more aggressive degrees of anticoag-
ulation (~3 times control). To date, the benefit and potential risks of agg res-
sive heparin strategies have not been explored fully. In TIMI 5,246 patients
with acute MI received accelerated tPA, oral aspirin and 5 days of either in-
travenous heparin (n = 79) or r-desulfatohirudin (n = 157). Cardiac catheter-
ization was performed at 90 minutes and again at 18 to 36 hours.
Coronary Angiography (18 to 36 hours)
6 hour aPIT 12 hour aPIT 6, 12 hour aPIT
TIMI3 TIMI0,1,2 TIMI3 TIMI0,1,2 TIMI3 TIMI0.1.2
90 Min
Angio
TIMI2.3 74.6 83.9 66.6 77.2 72.9 93.5
TIMI0.1 1075 70.2 90.3
TEE (1) ITE(2) Cath (3) All aPTI's represent median values; no comparison was statistically significant
p < 0.001 for (1) vs 131. p < 0.Q1 for (2) vs 131. p < 0.01 for (1) vs (2), for AVA
Conclusion: Planimetry of the aortic valve using multiplane TEE is accurate
to measure AVA in AS and might be proposed as an alternative to hemody-
namic study in pts with low gradients and poor LV function.
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Major hemorrhage (based on standard TIMI criteria) occurred in 23.3%
of heparin-treated patients. A 12-hour aPTI greater than 75 seconds was
observed in 92% of patients experiencing major hemorrhagic complications.
We conclude that aggressive heparin strategies striving for an aPTI beyond
2.5 times control do not offer additional benefit but are associated with an
increased risk of major hemorrhage.
Brian S. Crenshaw, Richard C. Becker, Christopher B. Granger, Russell P. Tracy,
Costas T. Lambrew, Allan M. Ross, Robert M. Califf, Eric J. Topol. Edwin G. Bovill,
GUSTO Investigators. Duke Medical Center, Durham, NC
Although thrombolytic therapy has been shown to improve survival in the
setting of acute myocardial infarction, failure to reperfuse and reocclusion,
both felt to be mediated in part by thrombin, continue to be significant prob-
lems. To study the impact of heparin on thrombin in thrombolytic treated
patients, we evaluated hematologic parameters after administering strep-
tokinase (SK) in GUSTO patients receiving either immediate IV heparin or
delayed SO heparin. Thrombin generation was estimated by assay for pro-
thrombin fragment 1.2 (F1.2) and thrombin activity by fibrinopeptide A (FpA).
67 patients randomized to SK and IV heparin and 63 patients randomized to
SK and SO heparin were included. IV heparin was given as a 5000 U bolus
followed by 1000-1200 units per hour adjusted to an aPTT of 60-85 seconds,
and SO heparin was given as 12,500 U twice daily beginning 4 hours after
thrombolytic therapy.
Thrombin Activity, but not Generation, is Inhibited
by Intravenous Heparin Following Thrombolysis:
Results from the GUSTO Hemostasis Substudy
FpA (ng/mll and Fl.2 (ng/milleveis increased after starting thrombolytic
therapy among patients treated with SO heparin, in whom steady-state hep-
arin levels do not occur for at least 24 hours. The FpA increase was inhibited
with IV heparin. On the other hand, IV heparin did not inhibit the rise in F1.2
or significantly suppress it below baseline over the course of therapy.
Conclusion: In the first 24 hours following thrombolytic therapy, IV heparin
suppresses the increase in thrombin activity but not the increase in thrombin
generation. Strategies to inhibit factors earlier in the cascade (i.e.. Factors V
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Transesophageal Doppler Analysis of Coronary
Sinus Flow: A New Method to Assess the
Severity of Tricuspid Regurgitation
Jose Zamorano, Carlos Almeria, Fernando Alfonso, Luis Alonso, Vicente Peral,
Luis Sanchez-Harguindey. Hospital Universitario, Madrid, Spain
Our aim was to assess the differences in the Doppler flow pattern of the
coronary sinus (CS) in patients without tricuspid regurgitation (TR) and with
mild (Mil. moderate (Mo) or severe (Se) TR. For this purpose, 35 patients
without TR and 70 patients (mean age 57 ± 8 years, 57% males) with dif-
ferent degrees of TR (27 Mi, 14 Mo, 29 Sel underwent a prospective study
in which the Doppler flow pattern of the CS obtained by transesophageal
echocardiography was analyzed. Adequate Doppler signals of the CS were
obtained in 22 (63%) patients without TR and in 50 (71 %) patients with TR
(18 Mi [65%]. 10 Mo [73%]. 22 Se [75%]). The CS flow was analyzed by TEE
in a transverse plane, showing its drainage into the right atrium, close to the
tricuspid valve.
All patients without TR or with Mi TR showed a typical CS Doppler flow
pattern with 2 waves, a late systolic one and another diastolic with larger
amplitude and velocity. When we analyzed those patients with Se TR, the
late systolic flow became reversed (retrograde) and a Color-Doppler turbu-
lent flow in the CS was found in 96% of them. This reversed systolic wave
(RSyW) was also found in 50% of the patients with Mo TR, all of them with
eccentric regurgitation jets. The sensitivity (SEl. specificity ISP) and diagnos-
tic accuracy iDA) of the presence of a RSyW in the CS for the diagnosis of
severe TR was 95%, 82% and 81 % respectively.
In conclusion, significant TR modifies the CS flow pattern assessed by
transesophageal echocardiography. The presence of a reversed systolic flow
in the CS can be a new sign with good SE, SP and DA in the diagnosis of
severe tricuspid regurgitation.
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